Introduction
Suicidal behavior is the leading cause of injury and death among adolescents worldwide, 1 which includes suicidal ideation, suicide attempts, and completed suicide.
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huang et al results could also be found in Chinese sexual minorities. 9, 10 Thus, there was evidence for a strong relationship between sexual minority status and suicidal behavior in adolescents. The causes of the elevated risk of suicidality in sexual minority adolescents have not been clearly elucidated. Previous studies have revealed some potentially influence factors (eg, school victimization 11 and social environment 12 ) that might mediate the association between sexual minority status and suicidal behavior in adolescents. Sleep plays an important role in the growth of adolescents, and poor sleep quality may increase the risk of physical and psychological health consequences for them. 13 A National Health Interview Survey from the United States showed that sexual minorities reported poorer sleep quality than their heterosexual peers. 14 Moreover, cross-sectional and longitudinal studies have also illustrated that sleep quality is significantly associated with suicidality. [15] [16] [17] Therefore, it is reasonable to hypothesize that sleep quality may play a mediating role in the association between sexual minority status and suicidal behavior; however, no previous study has examined that mediating role.
Thus, we analyzed data collected from the 2015 SchoolBased Chinese Adolescents Health Survey (SCAHS) to test the mediating effects of sleep quality on the relationship between sexual minority status and suicidal behavior in Chinese adolescents. We hypothesized that sexual minority status was significantly associated with suicidal behavior, and that this relationship was partially mediated by sleep quality.
Methods
study sample and data collection
In this study, we employed data from the 2015 SCAHS. 18, 19 It is an ongoing, large-scale, health-related behavior survey conducted among Chinese adolescents (grades 7-12) biennially since 2007. The 2015 survey was the latest one conducted in seven provinces in People's Republic of China. 20 Sampling procedure of the 2015 SCAHS has been described in our previous studies. 21, 22 In total, 150,822 students finished the questionnaires (the response rate was 95.9%). Among all the students, 27,363 students responded "unsure" (17.3%) to the sexual minority status question, which was greater than in previous studies; those "unsure" students probably included not only individuals who were still unsure of their sexual orientation but also heterosexual students who were unwilling to disclose their sexual orientation or did not understand the question because of their younger age, which might result in an underestimation of the suicidality disparities in our study. Therefore, students belonging to the "unsure" category were not involved in the analysis and we mainly focused on the suicidality disparities of students who had already acknowledged their SSA. Therefore, a total of 123,459 students were included in this study.
A standardized self-administered questionnaire was given to each student from the selected classes on the survey day to be finished in the classroom within a class period (normally 40 or 45 minutes). For the sake of the students' privacy, all questionnaires were completed anonymously by students without the presence of any teachers or school personnel (in order to avoid potential information bias).
ethical statement
This study was conducted in accordance with the Declaration of Helsinki and was approved by the Institutional Review Board of the School of Public Health of Sun Yat-sen University. Written informed consent was acquired from every participating student who had already reached the age of 18 years and from one parent (or legal guardian) of each participating student under the age of 18 years.
Measures sexual minority status
Sexual minority status was measured by asking students the following question regarding sexual attraction: "In a romantic relationship, which kind of person are you attracted to?" Response options included the following: "opposite-sex", "same-sex", "equally opposite-sex and same-sex", and "unsure". 5, 23, 24 Students who reported "same-sex" or "equally opposite-sex and same-sex" attraction were classified as SSA and both-sex attraction (BSA). Students who belonged to SSA and BSA were classified as sexual minorities. The same question has been used in previous studies among Chinese adolescents. 21, 24 suicidal behavior Suicidal behavior included suicidal ideation and suicide attempts. Suicidal ideation was assessed by the question: "During the past 12 months, how many times did you seriously consider attempting suicide?" Suicide attempts were measured by asking the question: "During the past 12 months, how many times did you actually attempt suicide?" Students were asked to rate these two questions on a scale of zero or once or at least twice. 25, 26 sleep quality
The Chinese version of the Pittsburgh Sleep Quality Index (PSQI) was used to assess the students' sleep quality over the previous month. 27 The PSQI contains seven components (sub- 21 The PSQI has been demonstrated to be valid and reliable in the Chinese population. 28 
covariates
Covariates that have been previously reported to be associated with suicidal behavior among sexual minority adolescents were taken into account. 5, [29] [30] [31] These covariates included age, biological sex, living arrangement, household socioeconomic status (HSS), academic pressure, classmate relationship, teacher-classmate relationships, smoking, alcohol consumption, school victimization, and depressive symptoms.
The living arrangement was measured by asking the student who lived in his or her primary home ("living with both parents", "living with father or mother only", and "living with others"). HSS was estimated by asking about the students' perceptions of their own household's current socioeconomic status ("good", "average", and "poor"). Academic pressure was measured based on the students' self-rating of their own school work ("none", "less", and "medium or great"). Classmate relationships and teacher-classmate relationships were evaluated according to the students' self-rated relationships with their classmates and teachers ("good", "average", and "poor"). Smoking was defined as smoking ≥1 cigarettes in the past 30 days. 32 Alcohol consumption was defined as drinking alcohol for ≥1 day in the past 30 days. 33 School victimization was assessed based on the definition of bullying in the Olweus Bully/Victim Questionnaire. 34 Students were asked to answer the following question: "How frequently have you been bullied at school in the previous month?" The answers were "none", "1-2 days", "3-5 days", "6-9 days", "10-19 days", and "more than 20 days". Students who reported being bullied for three or more days in the previous month were regarded as experiencing school victimization. 21, 35 Depressive symptoms were assessed with the Chinese version of the Depression Self-Rating Scale for Children (DSRSC) to determine whether students had any depressive symptoms. 36 The score range of the DSRSC was 0-54 points, and scores that were >15 points suggested the presence of depressive symptoms. This scale had been proven to be both valid and reliable in Chinese adolescents. 37 
statistical analyses
In this study, prevalence estimates and association analyses accounted for the complex sampling design, which included sampling strata, clusters, and weights. The sampling weights were calculated according to student biological sex, type of school, and student grade, and the weight information was acquired from the Educational Statistics Yearbook of China 2013. First, descriptive analyses were conducted to describe the demographic characteristics, sleep quality, suicidal ideation, and suicide attempts in both heterosexual and sexual minority adolescents; the Rao-Scott c 2 and t-tests were utilized to compare the differences between groups. Second, univariate logistic regression models were generated to examine the relationship between sexual minority status and suicidal ideation and suicide attempts. The variables that were significant at the 0.10 level in univariate analyses or were widely reported in previous studies were simultaneously entered in the multivariate logistic regression models. OR, adjusted odds ratios (AORs), and 95% CI were obtained from the logistic regression models. Third, structural equation modeling (SEM) models using the maximum likelihood (ML) method were utilized to examine the potential mediating role of sleep quality on the association of sexual minority status with suicidal ideation and suicide attempts ( Figure 1) . Several commonly applied model fit indices were recommended to evaluate the SEM models: 1) the comparative fit index (CFI >0.90 indicates good fit), 2) the standardized root mean square residual (SRMR <0.08 indicates good fit), and 3) the root mean square error of approximation (RMSEA <0.08 indicates acceptable fit). 38 Standardized probit coefficients, standardized indirect effects, and standardized total effects were reported, and the bias-corrected 95% CI was estimated using 5,000 bootstrap samples. 39 Missing data in the analysis accounted for <3.1% for all relevant variables, and observations with missing data were eliminated. A twotailed P-value <0.05 was considered statistically significant. All statistical analyses were conducted using SAS 9.3 (SAS Institute Inc., Cary, NC, USA) and Mplus V.7.4 (Muthén and Muthén, Los Angeles, CA, USA).
Results
Characteristics of participants stratified by sexual minority status
The sample characteristics are shown in Table 1 . Among the 123,459 students included in the study, the mean (SE) age of the students was 15.3 (0.5) years; 95.0% of the included students self-reported as heterosexuals, while 1.6% and 3.4% self-reported as SSA and BSA, respectively. Female students were more likely to report SSA than male students (P<0.001). Sexual minority students were more likely to report school victimization (16 associations of sexual minority status with sleep quality and suicidal behavior As shown in Table 2 , in the univariable logistic regression models, sexual minority status was significantly associated with poor sleep quality and past-year suicidal ideation and suicide attempts (P<0.001). Furthermore, after the adjustment for age, biological sex, living arrangement, HSS, academic pressure, classmate relationships, teacher-classmate relationships, smoking, alcohol consumption, school victimization, and depressive symptoms, our multivariable logistic regression models revealed that sexual minority status was still associated with poor sleep quality (BSA: AOR=1.54, 95% CI=1.43-1.64) and past-year suicidal ideation (SSA: AOR=1.31, 95% CI=1.14-1.50; BSA: AOR=2.07, 95% CI=1.88-2.28) and suicide attempts (SSA: AOR=2.04, 95% CI=1.59-2.62; BSA: AOR=2.20, 95% CI=1.79-2.70).
Mediating effects of sleep quality
The standardized path coefficients and standardized effects for past-year suicidal ideation and suicide attempts are shown in Table 3 were statistically significant (P<0.001). The standardized indirect effects of sexual minority status on suicidal ideation (standardized β estimate=0.009, 95% CI=0.007-0.012) and on suicide attempts (standardized β estimate=0.004, 95% CI=0.003-0.005) mediated by sleep quality were statistically significant (P<0.001).
Discussion
Our study found that poor sleep quality partially explained the elevated risk of suicidality in Chinese sexual minority adolescents. To our knowledge, this is the first national, largescale study to examine the potential mediating role of sleep quality on the relationship between sexual minority status and suicidal behavior. Our findings provide a new hypothesis for understanding the process of suicidality in sexual minorities, which might help in the early detection of and targeted intervention in suicidality among those high-risk individuals.
We found that sexual minority adolescents experienced a higher prevalence of past-year suicidal ideation and suicide attempts than their heterosexual peers. Moreover, after adjustment for demographic characteristics, school victimization, and depressive symptoms, sexual minority status was still associated with suicidal behavior in adolescents. Our findings supported the findings of previous studies on the ubiquity of an elevated suicidality risk among sexual minorities 5, 29 and suggested that Chinese sexual minority adolescents are more vulnerable to suicidal ideation and suicide attempts than their heterosexual peers.
Our results revealed that sexual minority adolescents reported poorer sleep quality than their heterosexual peers. After adjustment for covariates, poor sleep quality was still associated with suicidal behavior. These results are consistent with those of previous studies. 14, 40 More importantly, Meyer's minority stress model illustrated how stigma related to sexual b Suicidal ideation was defined as reporting having one or more times seriously considered attempting suicide during the past 12 months.
c Suicide attempts were defined as reporting having one or more times actually attempted suicide during the past 12 months.**P<0.001. Abbreviations: aOR, adjusted odds ratio; PsQi, Pittsburgh sleep Quality index. Suicidal ideation was defined as reporting having one or more times seriously considered attempting suicide during the past 12 months. b suicide attempts were defined as reporting having one or more times actually attempted suicide during the past 12 months.
c Sexual minority status was defined as adolescents who reported same-sex or both-sex attraction. 
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indirect effect of sleep quality on suicidality for sexual minority adolescents minority status affected sexual minorities' mental health through mediators such as distal/proximal stressors (ie, status → stress→ psychopathology). 7 Based on these minority stress theories, our study provided a novel hypothesis that was tested in our national, large-scale sample; the results showed that sleep quality played a potentially mediating role in the association between sexual minority status and suicidal behavior. To the best of our knowledge, no previous studies have explored these mediating effects. One potential explanation for these associations is that poor sleep is a warning sign of suicidality. 41 Two previous reviews indicated that sleep disturbances such as insomnia, nightmares, and poor sleep quality symptoms may result in an elevated risk of suicidal ideation and suicide attempts. 42, 43 Moreover, the minority stress model suggests that sexual minorities are at increased risk of mental health burdens due to difficulties in dealing with minority stressors (eg, prejudice, discrimination, and violence); 7 these stigmarelated stressors create elevations in emotion dysregulation and social/interpersonal problems (eg, social isolation and social norms), and these processes, in turn, mediate the relationship between stigma-related stressors and mental health in sexual minorities (ie, status → stress → psychological mediators → psychopathology). 44 A previous study showed that social isolation and psychological distress can lead to disturbed sleep, 45 and sexual minorities may also develop poor sleep quality from these adverse experiences. Therefore, sexual minorities may experience sleep disturbances caused by their sexual minority stressors, and poorer sleep quality could lead to an increased risk of suicidality.
Although the underlying causes of the association between sexual minority status and suicidal behavior are complex and remain unclear, our study provided a novel possible explanation for the mediating effects of sleep quality on this association. Our findings suggest the following interventions to prevent suicidality in sexual minority adolescents: 1) government and public health organizations should establish a nationwide active surveillance system (such as the Youth Risk Behavior Surveillance System in the United States) to monitor suicidality in Chinese sexual minority adolescents; 2) schools and related education departments should create a positive school climate through formulating "safe school" policies and programs (eg, anti-discrimination and antiharassment policies) to reduce prejudice, discrimination, and school violence toward sexual minorities; 46 3) parents and guardians should help their sexual minority children in promoting acceptance of their sexual orientation and pay particular attention to promoting sleep health education (eg, developing good sleep habits) for their children; 47 4) suicide-related interventions targeting sexual minorities should investigate methods (eg, measurement of levels of serotonin) of early detection of those who have disturbed sleep (eg, serotonergic dysregulation, irregular sleep, and social rhythms); 42 and 5) psychologists, psychiatrists, and related clinical workers should focus on sexual minorities who have sleep disturbances (eg, insomnia, nightmares, and poor sleep quality symptoms) and develop appropriate treatments (eg, pharmacological and cognitive-behavioral treatment) 48 targeting poor sleep, so as to help the early detection of suicidal behavior and to prevent subsequent suicidality in those high-risk individuals.
Several limitations of this study should be noted when interpreting the results. First, the cross-sectional design of this study limited our ability to make causal inferences. Second, in our study, students' sleep quality was measured by the PSQI scale without corroborating clinical measurement, which could not completely rule out the possibility of recall bias. Third, our study sample included students attending school but did not include adolescents who had dropped out of school or were absent from school on the day the survey was administered; poor sleep quality and suicidal behavior may be more common among the students who were absent. Fourth, although our logistic regression model and SEM models were corrected for important covariates (eg, school victimization and depressive symptoms), other potential confounding factors (eg, genetics, anxiety, and bipolar disorder) that may influence sleep quality and suicidality were not included in our study.
Conclusion
The findings from this study indicated that Chinese sexual minority adolescents have poorer sleep quality than their heterosexual peers, and poor sleep quality partially explained the increased risk of suicidality in sexual minority adolescents. Suicide interventions targeting sexual minorities should be made, with close attention to their sleep disturbances, and appropriate treatment strategies for those experiencing poor sleep quality to promote their sleep health. These may help in the early detection and prevention of suicidality in sexual minorities.
